The novel thienylpyrrolyl-cyanoacetic acid derivatives were obtained in good yields through a simple Knoevenagel condensation of the corresponding precursor aldehydes with cyanoacetic acid in acetonitrile at reflux, using piperidine as catalyst. The formyl precursors 1-2 were obtained through two different methods: (i) lithiation followed by treatment with DMF and (ii) Suzuki cross-coupling reaction.
Introduction
Among the organic molecules, the so-called push-pull or dipolar molecules (D-π-A) offer versatility of synthesis and ability to modulate their photophysical and photochemical properties. The cyanoacetic acid moiety has been used extensively as the acceptor group in D-π-A molecules motivated by its easy/inexpensive synthesis and ability to simultaneously act as a strong electron withdrawing moiety, as well as a stable anchoring group in dye-sensitized solar cells (DSSCs).
[1] The capability of cyanoacetic acid derivatives to be used in efficient DSSCs is improved by its interesting properties, such as high power conversion, high structural flexibility and high molar absorption coefficients in the visible region [1a, 1b, 2] . Various π-conjugated bridging systems including aromatic and heteroaromatic rings have been introduced to induce efficient charge separation between D and A moieties. Thiophene and its oligomers are among the most frequently used π-conjugated bridges in push-pull molecules and are usually built by strong donor (D) and acceptor (A) groups connected by the highly conjugated thiophene-based π-spacer.
Our previous work on the synthesis and characterization of D-π-A chromophores in which the donor part (D) is represented by a -excessive five-membered heteroaromatic system (pyrrole or thiophene)
functionalized by electron donor groups and the acceptor part (A) is a strong electron acceptor group ("classical" or an electron-deficient heterocycle) has shown that they exhibit excellent solvatochromic, photochromic, emissive properties, good photovoltaic efficiencies, exceptional thermal stabilities and good to excellent nonlinear optical (NLO) response. [3] In this work, we report the synthesis of new D-π-A chromophores functionalized with cyanoacetic acid as acceptor group, linked to the thienylpyrrole heterocyclic system, which plays the dual role of π-bridge and auxiliary donor group.
Experimental

General
Reaction progress was monitored by thin layer chromatography (0.25 mm thick precoated silica plates:
Merck Fertigplatten Kieselgel 60 F254), while purification was effected by silica gel column chromatography (Merck Kieselgel 60; 230-400 mesh). NMR spectra were obtained on a Bruker Avance III 400 at an operating frequency of 400 MHz for 1 H and 100 MHz for 13 C using the solvent peak as internal reference (δ relative to TMS and given in ppm). Mps were determined on a Gallenkamp apparatus. Infrared spectra were recorded on a BOMEM MB 104 spectrophotometer. UV-vis absorption spectra (200-800 nm) were obtained using a Shimadzu UV/2501PC spectrophotometer. Mass spectrometry analyses were performed at the "C.A.C.T.I. -Unidad de Espectrometria de Masas" at the University of Vigo, Spain. Formyl-thienylpyrrole precursors (1-2) were synthesized through a procedure described elsewhere. [4, 5] Other reagents were of common commercial grade and were used as received.
General procedure for the synthesis of thienylpyrrolyl-cyanoacetic acid derivatives (3-4)
A solution of formyl-thienylpyrrole precursors (1-2) (0.19 mmol) and cyanoacetic acid (2.2 equiv, 0.42 mmol) and piperidine (3 drops) in acetonitrile (5 mL) was refluxed for 6 h. The mixture was cooled to room temperature and a few drops of aqueous HCl 1 M was added to induce precipitation. The formed precipitate was filtered and recrystalized from dichloromethane.
2-Cyano-3-(1'-propyl-5'-(thiophen-2''-yl)-1H-pyrrol-2'-yl)acetic acid (3a).
Compound 3a was isolated as a yellow solid (49 % 
2-Cyano-3-(5'-(1''-propyl-1H-pyrrol-2''-yl)thiophen-2'-yl)acetic acid (4a).
Compound 4a was isolated as a red solid (65 % 
2-Cyano-3-(5'-(1''-phenyl-1H-pyrrol-2''-yl)thiophen-2'-yl)acetic acid (4b).
Compound 4b was isolated as a dark red solid (62 % 
2-Cyano-3-(5'-(1''-(4'''-methoxyphenyl)-1H-pyrrol-2''-yl)thiophen-2'-yl)acetic acid (4c).
Compound 4c was isolated as a dark red solid (50 % 
Results and discussion
Synthesis
The functionalization of thienylpyrrole moieties with the formyl group was performed through two methods: (i) the Vilsmeyer reaction [5] or by (ii) metalation followed by formyldelithiation using DMF [4] [5] 6] . Formyl-thienylpyrroles 1a and 2a-c were used as precursors of cyanoacetic acids 3a and 4a-c in order to evaluate the effect of the position of cyanoacetic acid moiety on the optical properties of these chromophores. These push-pull conjugated chromophores 3a and 4a-c were synthesized by Knoevenagel condensation of the corresponding aldehyde precursors 1a and 2a-c with cyanoacetic acid in acetonitrile at reflux, using piperidine as catalyst (Scheme I, Table 1 ). The novel chromophores 3a
and 4a-c were obtained in good yields (49-65%) and were completely characterized by the usual spectroscopic techniques ( 1 H and 13 C NMR, IR, HRMS and UV-vis). having the cyanoacetic group attached to the thiophene ring of the thienylpyrrole system, a deshielding effect was observed (=8.53 ppm). As for the influence of the substituent groups in compounds 4a-c, it could be seen that the higher the electron donating character of the substituent, the more shielded the vinylic proton appeared. This effect could be due to the donor effect of the propyl electron-donating group at the nitrogen atom of the pyrrole and also to the auxiliary donor strength of the heterocycle. In the IR spectra the stretching bands of carboxylic C=O were observed as sharp bands at about 1681-1785 cm -1 . The CN stretching band was also identified at about 2214-2216 cm -1 (Table 1) . 
UV-vis absorption study of thienylpyrrolyl-cyanoacetic acids 3-4
The absorption spectra of thienylpyrrolyl-cyanoacetic acids 3a and 4a-c were measured in 1,4-dioxane Figure 1. Normalized UV-vis absorption spectra of compounds 3a and 4a in 1,4-dioxane.
Solvatochromic study of cyanoacetic acids 3-4
To evaluate the electron transmission ability of thienylpyrrolyl-cyanoacetic acids 3-4 with the increase of solvent polarity, the UV-vis absorption spectra were measured in 5 solvents with different solvation character (diethyl ether, ethanol, dioxane, chloroform and DMSO) and their wavelengths of maximum absorption compiled in Table 2 . Compound 4b exhibited positive solvatochromism (∆νmax = +270 cm -1 ) with respect to its CT absorption band, that is, the progressive red shift of the lowest energy absorption as the polarity of the solvent increases due to a greater stabilization of the excited state relative to the ground state, concomitant with a declining of the transition energy (band gap). On the other hand, a negative solvatochromism was observed for compounds 3a (∆νmax = -1620 cm -1 ), 4a (∆νmax = -378 cm -1 ), and 4c (∆νmax = -2339 cm -1 ) (see Table 2 ).
In view of the noticeable solvatochromism, the good correlation with π* values for the 5 solvents investigated and the long wavelength absorption in the visible range, compound 4c appears to be a good solvatochromic probe. 
Conclusions
Novel thienylpyrrolyl-cyanoacetic acids 3-4 were synthesized in good yields (49-65%) from easily available formylated precursors 1-2 and low cost commercially available reagents, through a simple Knoevenagel condensation, using piperidine as catalyst. The donor-acceptor π-conjugated cyanoacetic acids 3-4 showed excellent solvatochromic properties, and seem to be very appropriate solvent polarity indicating dyes.
